1.. Introduction {#S0001}
================

Nutrition status that is the sum of balance between intake, absorption and utilization, can be reflect individual's fitness status and existence risk of cardiovascular and metabolic impairment. Importantly, any impairment of nutritional conditions may have a remarkable effect on the content of body composition and trigger many serious clinical conditions \[[1](#CIT0001),[2](#CIT0002)\]. The assessment of body composition has long been used to obtain important information with regard to health status of the individual \[[3](#CIT0003),[4](#CIT0004)\]. Thus, the effective measurement of body composition becomes extremely important in clinical medicine.

Measurements of anthropometric parameters including weight, height, or dimensions of the body are mainly used to reflect the amount of body fat and its distribution in population. Body mass index (BMI), which is calculated by dividing body weight (in kilogram) by the height (in meters) squared, has generally been used to identical individual's body weight status, especially fat content and above 30 kg/m^2^ has been accepted as risk of obesity. However, BMI does not provide information with regarding relative proportions fat and lean mass of the individual \[[5](#CIT0005)\]. Measurement of waist and waist to hip ratio also used as a potential indicator of health risk reflecting abdominal obesity which is important for cardiovascular and diabetic patients \[[6](#CIT0006)\].

Approximately in the last five years, it has been suggested that body composition could be assessed by measuring resistance to electrical activity from different parts of the body \[[7](#CIT0007)\]. This method has been termed as bioelectrical impedance analysis (BIA) and widely used for evaluation of body compartments in many clinical and non-clinical situations \[[8](#CIT0008)--[10](#CIT0010)\]. BIA is considered to be easily, noninvasively, quickly applied non-invasive method and provide reliable outcome in research and clinical trials. BIA method could be separately measure total body water (TBW), fat-free mass (FFM), fat mass (FM), percent fat mass (% FM) other body compartments \[[11](#CIT0011)\]. Validation of BIA on effective measurement of body compositions has been shown in result of some studies \[[3](#CIT0003),[12](#CIT0012)\] and questioned in some studies \[[13](#CIT0013),[14](#CIT0014)\]. An invalid estimation of body composition as a result of altered hydration status using BIA measurement has been suggested \[[15](#CIT0015)\]. However, in some clinical studies, water retention by those with eating disorders and variation of hydration status with diseases and environmental conditions may significantly affect body composition measurement using BIA. So far there is no study that evaluated controlled and regular acute water intake and responses of BIA method on measurement of body composition analysis.

The present study aimed to assess the impact of acute water intake on estimates of body composition predicted by a single frequency BIA foot-to-foot appliance in healthy males and females.

2.. Materials and methods {#S0002}
=========================

In the present study, 80 males (mean±SE age: 21.8 ± 0.1 years; height: 176 ± 0.7 cm, and BMI: 22.37 ± 0.2 kg/m^2^) and 60 females (mean±SE age: 21.5 ± 0.2 years; height: 165 ± 0.8 cm and BMI: 20.88 ± 0.3 kg/m^2^) voluntarily participated. The study protocol was approved by the Local Ethics Committee (Registration Number: 2019.01.15 and Decision Number: 2017-KAEK-189_2019.02.28_13). A signed informed writing consent was approved from each subject before participated study. Measurement of height and weight values were performed by an expert scientist subjects had no eat or drink for the preceding 12 hours. BMI was calculated as the weight in kilograms divided by the square of height in meters (kg/m^2^). Height was measurement to the nearest 0.1 cm without shoes using an audiometer.

Before participating in the study, all volunteers completed a health screening questionnaire form and potential participants were excluded if they were alcohol users, smokers, had a history of serious diseases of liver, cardiovascular, gastrointestinal, renal, diabetes, hypertension, or malignance. Volunteers were also excluded if they had been following a weight loss program or had participated in a regular exercise training program (trained subjects with high muscular did not participate). The subjects' appearance was also controlled for musculoskeletal deformity (e.g., scoliosis or kyphosis). Subjects including criteria; they were free of any chronic or acute disease, e.g., renal, respiratory, metabolic, cardiac, liver disease; they should use no, smoking, alcohols or any drugs that may effects metabolic systems. The young, healthy subjects were included in this study (age between 18 and 25 years). All subjects were free of any musculoskeletal, metabolic, cardiac, respiratory, and renal disease. To avoid edema especially female subjects should not be in the menstrual phase. Body composition was measured in the morning at approximately 08:00--09:00 AM. Foot-to-foot BIA measurements were determined using a Tanita single frequency body fat analyzer (TBF 300A JAPAN). On subjects were advised to adhere to the standards of BIA measurements \[[16](#CIT0016)\]. To avoid influence of food intake or exercise on BIA measurements, all subjects have no food or liquid intake before at least 12 hours and no diuretic medication last one week with empty gastrointestinal system and bladder. Foot to foot BIA was applied on a pressure contact electrode system. Body mass was measured to the nearest 0.1 kg while the measurement of impedance was performed. The FM, %FM, FFM, and TBW were estimated using manufacturer predictive equations and recorded to the computer for analysis. To avoid any errors may come from alteration in body fluid distribution, subjects waited for at least 10 minutes prior to testing. The subjects were asked to remove all metal and jewelry and wearing light weight clothes. The ''sedentary mode'' was selected for all female and male subjects.

This study conducted of 4 stage following basal measurements of body composition. Stage 1, all subjects had 500 ml water intake and second measurement was performed after 15 minutes and recorded. Then each subjects had second 500 ml water intake (totally 1000 mL) as stage 2. Then, third 500 ml (increased to 1500 mL) as a stage 3 water intake. Lastly, stage 4, with fourth 500 ml water intake and totally increased to 2000 mL and study completed. All measurement was performed after 15 minutes of water intake in each stage.

Analyses were conducted on compare body weight, fat mass, body fat percent, fat-free mass, and total body water from BIA measurement in response to do regular water intakes of 500 mL for four times. A one-way ANOVA test was applied to detect differences between each stages in the same group. Analysis of date obtained from this study was performed separately by male and female gender. Pearson's correlation coefficients were applied to examine any significant relations between parameters measured using BIA. Moderate correlations were defined as R values of 0.41 to 0.7 and strong correlations were accepted above 0.71 \[[17](#CIT0017)\]. It was accepted as significant p \< 0.05.

3.. Results {#S0003}
===========

The mean values (±SEM) of the baseline measurement and the changes of the body composition parameters measured by foot to foot BIA method after an increase in the quantity of water (4 x 500 mL) used for hydration are presented in [Table 1](#T0001). A regular increase of water consumption (500 mL 1000 mL, 1500 mL, and 2000 mL) resulted in an increase of body weight mean values of 471 g, 957 g, 1426 g, and 1894 g in male and 487 g, 978 g, 1443 g, and 1891 g in female subjects, respectively.10.1080/19932820.2020.1741904-T0001Table 1.The mean (±SEM) values of body weight (BW), fat mass (FM) percent of body fat (%BF), fat-free mass (FFM), and total body water (TBW) in response to the baseline and for each stage of water intake (every 500 mL of water) in male and females.  BM (kg)FM (kg)%BF (%)FFM (kg)TBW (kg)MaleBaseline69.36 ± 0.99.28 ± 0.412.97 ± 0.460.09 ± 0.643.09 ± 0.4 Stage 169.83 ± 0.9\*9.47 ± 0.4\*13.21 ± 0.4\*60.36 ± 0.6\*43.30 ± 0.4\* Stage 270.32 ± 0.9\*9.72 ± 0.4\*13.45 ± 0.4\*60.57 ± 0.6\*43.45 ± 0.4\* Stage 370.79 ± 0.9\*9.94 ± 0.4\*13.69 ± 0.4\*60.85 ± 0.6\*43.63 ± 0.4\* Stage 471.26 ± 0.9\*10.17 ± 0.4\*13.88 ± 0.4\*61.09 ± 0.6\*43.79 ± 04\*FemaleBaseline57.52 ± 1.012.98 ± 0.621.88 ± 0.744.55 ± 0.531.94 ± 0.4 Stage 158.01 ± 1.0\*13.45 ± 0.6\*22.52 ± 0.7\*44.56 ± 0.5^NS^31.95 ± 0.4^NS^ Stage 258.50 ± 1.0\*13.50 ± 0.6\*22.95 ± 0.7\*44.71 ± 0.5\*32.07 ± 0.4\* Stage 358.97 ± 1.0\*14.19 ± 0.6\*23.37 ± 0.7\*44.85 ± 0.5\*32.21 ± 0.4\* Stage 459.41 ± 1.1\*14.51 ± 0.7\*23.69 ± 0.7\*44.99 ± 0.5\*32.29 ± 0.4\*[^1][^2]

In males, percent of body FM varied among the subjects, but in total, it increased significantly to 2.08% (from −5.8% to 10.7%) in stage 1, 3.80% (from −3.9% to 13.6%) in stage 2, 5.88% (from −0.7% to 15.3%) in stage 3, and 7.92% (from-1.9% to 21.4%) in stage 4 (p \< 0.05). Similarly, the percentage of body fat mass also varied, but in total, it increased in females compared baseline: 3.4% (from −0.9% to 17.3%) in stage 1, 5.7% (from 0.02% to 19.7%) in stage 2, 7.8% (from 1.1% to 34.6%) in stage 3, and 9.4% (from 0.03% to 29.7%) in stage 4 (p \< 0.05).

Importantly, measurements of body FM using BIA were significantly increased after each stage of water intakes in male and female subjects ([Figure 1](#F0001)). The change of FM obtained from male and female subjects was 190 g and 460 g for 500 mL water intake; 445 g and 805 g for 1000 mL water intake; 660 g and 1141 g for 1500 mL water intake; and 891 g and 1453 g for 2000 mL water intake, respectively.10.1080/19932820.2020.1741904-F0001Figure 1.Measurements of change in body fat mass using bioelectrical impedance analysis in response to each 500 mL of water intake in male (n = 80, white column) and female (n = 60 gray column) subjects. \* represent the significance compared to baseline values.

Following water intake, significant differences between changes of TBW and amount of consumption in all stage in both males and females were observed ([Figure 2](#F0002)). There was markedly lower estimation change of TBW in stage 1: 42% (212 g), stage 2: 37% (368 g), stage 3: 37% (548 g), and stage 4: 35% (700 g) in males. There was also markedly lower estimation of TBW in female subjects in stage 1: 0.6% (3 g), stage 2: 13% (130 g), stage 3: 18% (265 g), and stage 4: 17% (348 g).10.1080/19932820.2020.1741904-F0002Figure 2.Measurements of change in total body water using bioelectrical impedance analysis in response to each 500 mL of water intake in male (n = 80, white column) and female (n = 60 gray column) subjects. \* represent the significance compared to baseline values.

In males, change of FFM varied among the subjects, but in total, it increased significantly to 275 g (−200 g and 900 g) in stage 1, 486 g (−1800 g and 1100 g) in stage 2, 763 g (200 g and 1200 g) in stage 3, and 1000 g (300 g and 1700 g) in stage 4 (p \< 0.05). However, FFM did not change significantly in females compared baseline in stage 1 (varied between −1600 g and 600 g). The increase in FFM was observed 158 g (varied between −1000 g and 800 g) in stage 2, 293 g (varied between −900 g and 1100 g) in stage 3 and 431 g (varied between −900 g and 1500 g) (p \< 0.05). There was a strong negative correlation between change of FM and TBW in female subjects (R = −0.73558, p \< 0.0001) and male subjects (R = −0.78546 p \< 0.0001) after stage 4.

4.. Discussion {#S0004}
==============

It has been revealed that BIA is a useful, easily applicable, and inexpensive tool for the evaluation of body composition of obese \[[10](#CIT0010)\], cardiometabolic disorders \[[1](#CIT0001)--[4](#CIT0004)\], cancer \[[8](#CIT0008)\], and hemodialysis patients \[[18](#CIT0018)\]. Obtaining confidential information with regarding specific proportion of each section of body composition (TBW, FFM, %FM and FM) in health and also some disorder is a continue interest of clinical and scientist.

Despite the effectiveness of BIA in body composition obtained from many studies, the accuracy of this method has been questioned under the condition of fluid and electrolyte imbalance such as edema, ascites, or water loss \[[13](#CIT0013)\]. There is currently no satisfactory information regarding the effects of regularly increasing small amount of water intake on body composition analyses using BIA method. Importantly, the results of the present study clearly show that the performance of BIA measurements in healthy populations might be influenced by the amount of acute water consumption.

In literature, changes in body composition using BIA methods after fluids intake in the range of 350 to 1000 mL have been studied. The reports revealed no significant differences in body composition analysis after 350 mL and \[[19](#CIT0019)\] or 500 mL water intake \[[20](#CIT0020)\]. It has been reported that acute food and water intake may have minor impact on body composition measurement using BIA method \[[21](#CIT0021)\].

The increase of %FM in response to the one-time water intake has been reported \[[22](#CIT0022)\]. A small increase of %FM after 591 mL of fluid which has been shown and suggested, has not any significant effects on clinical practice \[[23](#CIT0023)\]. Effects of different hydration status (hypo-hydration or super-hydration states) on body composition analysis showed significant differences in body composition analysis in trained athletes \[[24](#CIT0024)\] but no significant difference in wrestler \[[25](#CIT0025)\].

Underlying assumption of valid BIA measurements may be decreased owing to the water retention caused by diseases. In literature, effects of water intake on measurement of body composition using BIA method has been studied with different amount and content of liquid application. Following regularly increasing water intake, the change in body weight and also change in impedance may have significant effects on body composition \[[23](#CIT0023)\]. During the study, 2 L volume of water intake may have been responsible for the changes in impedance and TBW \[[26](#CIT0026)\].

In this study, a 500 mL of water was applied for four times in every 15 minutes period to subjects (male and female) and variation of body composition (FFM, TBW, %FM, and FM) were evaluated using BIA. There was overestimation in %FM and FM values but underestimation in TBW and FFM values in both subject groups ([Figure 1](#F0001) and [Table 1](#T0001)). Therefore, acute alterations in hydration do indeed lead to changes in body mass resulting in changes in BIA-derived body fat percentage \[[22](#CIT0022),[24](#CIT0024),[27](#CIT0027)\].

A study performed in morbidly obese patients also revealed overestimation of body fat using BIA method due to increased extracellular water \[[13](#CIT0013)\]. It is logical to expect change in plasma sodium concentrations after water intakes which may quite possible to effect BIA measurements \[[28](#CIT0028)\]. Hyperhydration condition may cause underestimation of TBW using foot-to foot BIA measurements \[[29](#CIT0029)\].

The change of TBW measured using BIA in response to do water intake has been shown in [Figure 2](#F0002). There was markedly underestimation in TBW in female subjects compared to males. Interestingly in stage 1, there was no significant change in TBW despite 500 mL of water intake ([Figure 1](#F0001)). The increase in BW after water intake showed small differences which could be result of error in the measurement of BIA device \[[20](#CIT0020)\].

In stage 1 (500 mL of water intake), we have found significant variations in %BF values among male subjects in individually (from −5.8% to 10.7%), but mean values of %BF within 2% which is considered as optimal size of error \[[20](#CIT0020)\]. However, with increasing water intake, overestimation of %BF increased regularly to 3.8% in stage 2, 5.8% in stage 3, and 7.9% in stage 4. Interestingly, every 500 mL of water intake causes an additional 2% of increase in %BF measured by BIA method. Effects of water intake have markedly higher effects on %FM estimation in females compared to males in BIA measurements. Measurement of %FM was 3.4% in stage 1 which is higher than accepted normal range of 2%. Increased water intake caused overestimation of %FM in stage 2 (5.7%), in stage 3 (7.8%), and in stage 4 (9.4%). Interestingly there was no negative %FM measurement in females (except stage 1) during the study. Acute water application caused significantly alteration in body composition analyses using BIA method. These variations in body composition compartment also varied between male and female subjects, and increased water intake causes more increase in %FM and FM in females than those of male subjects. Consequently, the large variability and weak validity of BIA measurements under condition of water retention raise question whether it makes sense to continue BIA application.

[^1]: \*: Significant differences compared to baseline.

[^2]: NS: not significant.
